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The Energy Performance Gap?

The performance gap : design + in use carbon
figures
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- Design Energy Use - Actual Energy Use

Source: 2Degrees - CarbonBuzz
https://www.youtube.com/watch?v=Xtgb190DQy8
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TOPAs Objectives
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Building energy performance predictions show major differences to measurements.
This is even worse for building blocks.
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Challenges to be overcome

Continuous Performance Auditing

Commissioned Measured
Energy Energy
Consumption S— Consumption
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Tools and methods for measuring and analysing
real building energy performance for FM and ESCOs.
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TOPAs Approach

TOPAs is a platform of tools and TOPAs Cognitive Loop

services that allows the coordinated
management of blocks of buildings. It
continuously performs energy audit
based on:

* SENSE: Device/System connection,
data is abstracted from the
environment

* LEARN: Big data analytics leveraging
loT technologies to transform data
into actionable insights

* ACT: Transform analysis to actions
* OPERATE: Better utilize assets and

manage blocks of buildings, create
human value
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TOPAs Core
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TOPAs Core System - components across the TOPAs three-tiered architecture
(edge, platform, and enterprise). The primary focus being data-abstraction using

LINC (Connectors & Resources), RTU (secure host at the edge), oBMS (Watson loT,
OpenAPIl), NIM (meta-model) and HMI for data visualisation.
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Getting Building Data

Radistor Zones

it ity
LT PR LIRS

HEBDERRELEEL L]

Time
Boilarhouse
Snd Floor Heatlng

https://www.topas-eeb.eu

7

Sustainable Places 2018, June 27th, 2018

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 676760.



https://www.topas-eeb.eu/
https://www.topas-eeb.eu/

Getting Building Data

e Secure RTU H/W e LINC Middleware
* Platform that integrates * Local storage of data for redundancy
wired and wireless
communication
channels

 Auto restart if connection lost
 Mail alerts sent on errors
* Remote monitoring with Web tools

* Transparent management of
communication links
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Manage Data (0BMS)
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* OpenBMS platform
* |oT Watson for stream analytics

* Model storage
* Brick standard
@ @ @ Q * OpenAP|

e Scalable Cloud Infrastructure
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Neighbourhood Information Model
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NIM is ,, address book” for distributed building information

o NIM has 48 methods at RESTful-interface on BlueMix
S [ * swagger-APl and documentation for better usability
— backend is AUTERASstore from TUD
building and device properties
* property-model is generic (model can be adapted for
each user / building) — demo site data is very diverse
links to oBMS via API IDs
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Common Front-end for Sustainable Energy Savings

Building Health Status

Your building is good shape!

@ Click on the status below for further details.

Healthy
FDD

Baseline Electricity Usage

Baseline Gas Usage

Electricity Meter Overview
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Add-On Services

Model

Energy predictive Occupancy

prediction control Model
Modelling framework
(Y

Decision
Support>>

Fault Key performance System Air Quality

detection Indicators config Monitoring

& diagnosis tools System
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Occupancy models are used to predict and

understand space usage. Occupancy is modelled o

together with its impact on energy using statistical . . .
machine-learning approaches that create ’ ; o :
interpretable models that explain occupancy by E3gnn| ENEEE . JDEEEEEE =

various influence.

Model for the occupancy

with
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B3 Occupancy, 91.01%

Modelling Occupancy o I :ﬂ

alue
value
value

n,(t) = ng + fH(Hy (®) + f¥(Dy () +
f? (190A(t)) + fP (pOA(t)) + f5(s0a(t)) + &

0 5 o 1 0 0 ] 20 0 10
hour:dtypeSu hour:dtypeHo yday TemperatureC
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intercept dtype hour:dtypeMo hour:dtypeTu

value
value

n,(t) - Occupancy in a zone z at time t
fHE(Hy (t)) - Function of time of day
fY(Dy(t)) - Function on day of year
F9(904(t)) - Function on outside temperature
fP(poa(t)) - Function on outside humidity

f*(sp4(t)) - Function on outside solar rad.
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Energy Consumption Prediction

Modelling Methods
Parameters:
 White Box Models Building physics,
* Dynamic simulation set points, .. e
(Dymola/Modelica) ‘ Y /
* Physical models White ?p«4 >y
* RC-networks %
o B = Py <
e Characteristic curves I
e th. energy
[eXe]e) .
* Black Box Models Weather el. energy
. _ Occupancy '
* (Gaussian Process Regression Windows Comfort
* Multi-Linear Regression
* Support Vector Regression
 Random Forests

* K-nearest Neighbors
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Framework for Distributed Model Predictive Control
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Framework for Distributed Model Predictive Control

Outdoor ﬂ
Temperature

‘ Zone occupancy

Indoor air quality

Thermal Comfort

Energy price

Maximum

/ Measurements per zone:

Information exchange temperature, heating power,
Windows _ . CO2 level, windows opening
between zones : possibly,

\____opening ) . Measurements for the room:
7 # occupants, heating

#occupants

N -

s T mm mm o =y,

power, windows opening
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Decision Support Tools

Decision Support Tools are developed to ensure a reduction in the gap prediction

NIM

9 @ @ 2. set device state ,fault”

cold warm 4.getBASdata| | 7. update BAS representation
3. trigger reconfiguration \:,

18. reconfigure wireless devices' positions
TORD o e e R R

|

Monitoring sensors R i syfs_tem . e
|AQ ca |CU Iation i —> .e_con iguration iSuite
Decision Support Tool
M | C r O b | a I a S S e S S m e nt 1. detects device fault 6. system operator chooses repair solution
S. generate different repair solutions | j
£IT Hent generation -

i ‘ [}
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i N Support Tool for redesign of automation systems
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N n -]

g 1ty
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= E Front end to support site specific
Early faults detection and energy analysis
diagnosis
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. Conclusions & Next Steps

* Biggest Challenges

— CONSISTANT RELIABLE DATA!!!
— Modelling is extremely challenging and time consuming

* From Data to Decision

— Providing insight to stakeholders for appropriate decisions (KPIs)

e Validation

— Real world validation and evaluation of energy savings
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